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(54) Ink jet recording head and ink jet recording apparatus 



(57) An ink jet recortfing head comprises a pressure 
generating chamber communicating with a nozzle 
opening, and a piezoelectric element a lower electrode 
provided on an area facing the pressure generating 
chamber via an insulating layer, a piezoelectric layer 
provided on the lower electrode, and an upper electrode 
provided on the piezoelectric layer. At least both ends of 
the lower electrode in a width direction thereof are posi- 
tioned within the area facing the pressure generating 
chamber, and the piezoelectric layer covers sides of 
both ends of the lower electrode in the width direction 
thereof. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an ink jet recording 
head wherein a piezoelectric element is formed via a 
diaphragm in a part of each of pressure generating 
chambers communicating with nozzle openings for jet- 
ting ink drops and ink drops are jetted by cfisplacement 
of the piezoelectric element, and an ink jet recording 
apparatus comprising the ink jet recording head. 
[0002] The following two types of ink jet recording 
heads, each wherein a part of a pressure generating 
chamber communicating with a nozzle opening for jet- 
ting an ink drop is formed of a diaphragm and the dia- 
phragm is deformed by a piezoelectric element for 
pressurizing ink in the pressure generating chamber for 
jetting an ink drop through the nozzle opening, are com- 
mercially practical: One uses a piezoelectric actuator in 
a vertical vibration mode in which the piezoelectric ele- 
ment is expanded and contracted axially and the other 
uses a piezoelectric actuator in a deflection vibration 
mode. 

[0003] With the former, the volume of the pressure 
generating chamber can be changed by abutting an end 
face of the piezoelectric element against the diaphragm 
and a head appropriate for high<lensity printing can be 
manufactured, but a difficult step of dividing the piezoe- 
lectric element like comb teeth matching the arrange- 
ment pitch of the nozzle openings and work of 
positioning and fixing the piezoelectric element divi- 
sions in the pressure generating chambers are required 
and the manufacturing process is complicated. 
[0004] In contrast, with the latter, the piezoelectric ele- 
ment can be created and attached to the diaphragm by 
executing a comparatively simple process of putting a 
green sheet of a piezoelectric material matching the 
form of the pressure generating chamber and baking it 
but a reasonable area is required because deflection 
vibration is used; high-density arrangement is diff icult to 
make. 

[0005] On the other hand, to solve the problem of the 
latter recording head. Japanese Patent Publication No. 
5-286131 A proposes an art wherein an uniform piezoe- 
lectric material layer is formed over the entire surface of 
a diaphragm according to a film formation technique 
and is divided to a form corresponding to a pressure 
generating chamber according to a lithography tech- 
nique for forming a piezoelectric element separately for 
each pressure generating chamber. 
[0006] This eliminates the need for work of putting the 
piezoelectric element on the diaphragm and the piezoe- 
lectric element can be created by the lithography 
method, an accurate and simple technique. In addition, 
the piezoelectric element can be thinned and high- 
speed drive is enabled. 

[0007] However, in the manufacturing method accord- 
ing to the thin-film technique and the lithography method 



described above, after thin film patterning, pressure 
generating chambers are formed. At the time, a cfia- 
phragm is deflected to the pressure generating cham- 
ber side by the effect of relaxation of the internal 
5 stresses in an upper electrode and piezoelectric layers 
and the deflection remains as the initial deformation of 
the diaphragm. 

[0008] Further, in a piezoelectric vibrator manufac- 
tured by the thin-film technique and the lithography 

10 method, in which arm portions of a lower electrode are 
removed by the patterning, a piezoelectric layer 
becomes thinner. Thus, the strength of the dielectric 
breakdown on both sidewalls in width direction of the 
lower electrode becomes lower and thereby the cfielec- 

15 trie breakdown occurs easily. 

Rl IMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention 

20 to provide an ink jet recording head, wherein the dielec- 
tric breakdown of the piezoelectric layer is prevented 
and wherein the initial deflection amount of a diaphragm 
is decreased, and an ink jet recording apparatus com- 
prising the ink jet recording head. 

25 [0010] In order to achieve the above object, according 
to a first aspect of the present invention, there is pro- 
vided an ink jet recording head comprising: a pressure 
generating chamber communicating with a nozzle 
opening; and a piezoelectric element a lower electrode 

30 provided on an area facing the pressure generating 
chamber via an insulating layer, a piezoelectric layer 
provided on the lower electrode, and an upper electrode 
provided on the piezoelectric layer, wherein at least both 
ends of the lower electrode in a width direction thereof 

35 are positioned within the area facing the pressure gen- 
erating chamber, and the piezoelectric layer covers 
sides of both ends of the lower electrode in the width 
direction thereof. 

[0011] In the first aspect, the both side wall of the 
40 lower electrode in the width direction thereof patterned 
in the pressure generating chamber are covered with 
the piezoelectric layer, thus the strength of the dielectric 
breakdown thereon is improved and the insulating layer 
and the piezoelectric layer are brought into intimate con- 
45 tact with each other, whereby the initial deflection 
amount of a diaphragm is decreased. 
[0012] According to a second aspect of the present 
invention, in the ink jet recording head of the first 
aspect, crystal direction of the piezoelectric layer is pref- 
50 erentially oriented. 

[001 3] In the second aspect, the piezoelectric layer is 
formed in a thin film process, so that crystal is preferen- 
tially oriented. 

[0014] According to a third aspect of the present 
55 invention, in the ink jet recording head of the second 
aspect, the piezoelectric layer has a columnar crystal 
structure. 

[0015] In the third aspect, the piezoelectric layer is 
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formed in a thin film process, so that the piezoelectric 
layer has a columnar crystal structure. 
[0016] According to a fourth aspect of the present 
invention, in the ink jet recording head of the first to third 
aspect, the insulating layer in the area under the area 
where the lower electrode is formed is thicker than any 
other area. 

[001 7] In the fourth aspect, the piezoelectric layer is at 
a position distant from the neutral axis of bend caused 
by drive of the piezoelectric element, so that displace- 
ment efficiency is improved. 
[001 8] According to a fifth aspect of the present inven- 
tion, in the ink jet recording head of any of the first to 
fourth aspects, the top of the insulating layer in a thick- 
ness direction thereof is made of an adhesive insulating 
layer made of a materia) having a good adhesion with 
the piezoelectric layer. The adhesive insulating layer is 
adhered with the piezoelectric layer covering sides of 
both ends of the lower electrode in the width direction 
thereof. 

[0019] In the fifth aspect, the lower electrode in the 
area lacing the pressure generating chamber is covered 
completely with the piezoelectric layer and the strength 
of the dielectric breakdown on the sidewall is further- 
more improved. 

[0020] According to a sixth aspect of the present 
invention, in the ink jet recording head of the fifth 
aspect, the material of the adhesive insulating layer is 
made of either one of an oxide or a nitride of at least one 
element selected from composite element of the piezo- 
electric layer. 

[0021] In the sixth aspect, the intimate contact prop- 
erty between the insulating layer and the piezoelectric 
layer is improved. 

[0022] According to a seventh aspect of the present 
invention, in the ink jet recording head of the sixth 
aspect, the adhesive insulating layer is made of zirco- 
nium oxide. 

[0023] In the seventh aspect, the rigidity of the insulat- 
ing layer is improved and the durability is enhanced. 
[0024] According to an eighth aspect of the present 
invention, in the ink jet recording head of any of the fifth 
to seventh aspects, the insulating layer is made of the 
adhesive insulating layer. 

[0025] In the eighth aspect the insulating layer is 
formed easily and the manufacturing process is simpli- 
fied. 

[0026] According to a ninth of the present invention, in 
the ink jet recording head of the eighth aspect, the insu- 
lating layer is formed directly on a silicon monocrystal- 
line substrata 

[0027] In the ninth aspect, the zirconium oxide film 
shows sufficient durability even solely. 
[0028] According to a tenth aspect of the present 
invention, in the ink jet recorcfing head of the eighth 
aspect, the insulating layer is formed on a silicon dioxide 
film formed on the silicon monocrystalline substrate. 
The portions of the silicon dioxide film corresponding to 



the pressure generating chambers are removed. 
[0029] In the tenth aspect, the displacement efficiency 
of an actuator can be enhanced. 
[0030] According to an eleventh aspect of the present 
5 invention, in the ink jet recording head of any of the fifth 
to tenth aspects, the piezoelectric layer is made of PZT 
and the adhesive insulating layer is made of zirconium 
oxide. 

[0031] In the eleventh aspect, the intimate contact 
w property between the piezoelectric layer and the insulat- 
ing film is improved. 

[0032] According to a twelfth aspect of the present 
invention, in the ink jet recording head of any of the first 
to eleventh aspects, both ends of the piezoelectric layer 

75 in a width direction thereof are positioned in the area 
facing the pressure generating chamber. 
[0033] In the twelfth aspect, the areas corresponding 
to both sides in the width direction the pressure gener- 
ating chamber become thin, so that the displacement 

20 amount of the diaphragm is increased. 

[0034] According to a thirteenth aspect of the present 
invention, in the ink jet recording head of any of the first 
to eleventh aspects, the piezoelectric layer is extended 
to the areas corresponding to peripheral walls on both 

25 sides in the width direction of the pressure generating 
chamber and the piezoelectric layer on the lower elec- 
trode is thicker than any other area. 
[0035] In the thirteenth aspect, the lower electrode is 
covered with the piezoelectric layer reliably, so that the 

30 strength of the dielectric breakdown on the sidewall is 
improved and the strength is also increased. Since the 
end of the piezoelectric layer does not exist in the arm 
part, initial failure is avoided and durability is also 
improved. 

35 [0036] According to a fourteenth aspect of the present- 
invention, in the ink jet recording head of any of the first 
to eleventh aspects, the relationship among width 
of the upper electrode, width W BE of the lower elec- 
trode, and thickness T of the piezoelectric layer satis- 

40 fies: 

(W BE -5T)<W TE <(W BE+ 5T). 

[0037] In the fourteenth aspect, the piezoelectric layer 
45 sandwiched between the upper and lower electrodes is 
driven effectively. 

[0038] According to a fifteenth aspect of the present 
invention, in the ink jet recording head of any of the first 
to fourteenth aspects, wherein the end of the lower elec- 

so trode is cfisposed at one end portion in a longitudinal 
direction of the pressure generating chamber. The pie- 
zoelectric layer and the upper electrode are extended to 
the outside of the end of the lower electrode in the lon- 
gitudinal direction of the pressure generating chamber. 

55 The end of the lower electrode constitutes one end of a 
piezoelectric active part which is a substantial driving 
part of the piezoelectric layer. 
[0039] In the fifteenth aspect, dielectric breakdown of 
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the piezoelectric layer is prevented without interfering 
with drive of the piezoelectric active part 
[0040] According to a sixteenth aspect of the present 
invention, in the ink jet recording head of the fifteenth 
aspect, the end of the piezoelectric active part is posi- 
tioned inside from the peripheral wall of the pressure 
generating chamber. 

[0041 ] In the sixteenth aspect, dielectric breakdown of 
the piezoelectric layer is prevented without interfering 
with drive of the piezoelectric active part 
[0042] According to a seventeenth aspect of the 
present invention, in the ink jet recording head of any of 
the first to fourteenth aspects, the end of the lower elec- 
trode is disposed at one end portion in a longitudinal 
direction of the pressure generating chamber. Ah end of 
the upper electrode is disposed inside from the end of 
the lower electrode in the longitudinal direction of the 
pressure generating chamber. The piezoelectric layer is 
extended to the outside of the end of the lower electrode 
in the longitudinal ejection of the pressure generating 
chamber. The end of the upper electrode constitutes 
one end of a piezoelectric active part which is a sub- 
stantial drive part of the piezoelectric layer. 
[0043] In the seventeenth aspect, a distance can be 
kept between the end of the piezoelectric active part 
and the end of the lower electrode and dielectric break- 
down caused by concentration of electric field, etc.. at 
the end of in the longitudinal direction of the piezoelec- 
tric active part is prevented. 

[0044] According to an eighteenth aspect of the 
present invention, in the ink jet recording head of any of 
the fifteenth to seventeenth aspects, a discontinuous 
lower electrode film discontinuous with the lower elec- 
trode is provided in an area facing the boundary 
between an end and peripheral wall of the pressure 
generating chamber. 

[0045] In the eighteenth aspect, the rigidity of the dia- 
phragm in the portion where the piezoelectric layer and 
the upper electrode are drawn to the area outside the 
pressure generating chamber is held high and destruc- 
tion of the diaphragm and the piezoelectric layer in the 
portion is prevented. 

[0046] According to a nineteenth aspect of the present 
invention, in the ink jet recording head of the eighteenth 
aspect, a wiring lower electrode which is made discon- 
tinuous with the discontinuous lower electrode and is 
connected at one end to external wiring is provided for 
each piezoelectric element 

[0047] In the nineteenth aspect, wiring can be drawn 
easily and efficiently from the piezoelectric active part. 
[0048] According to a twentieth aspect of the present 
invention, in the ink jet recording head of any of the fif- 
teenth to eighteenth aspects, the lower electrode is 
extended from an opposite end of the piezoelectric 
active part to the top of the peripheral wall of the pres- 
sure generating chamber. 

[0049] In the twentieth aspect the piezoelectric ele- 
ments can be wired easily. 



[0050] According to a twenty-first aspect of the 
present invention, in the ink jet recording head of the 
twentieth aspect, the lower electrode has a wider part at 
least wider than the pressure generating chamber in an 

5 area facing the proximity of one end of the pressure 
generating chamber and the wider part is extended from 
the end in the longitudinal direction of the pressure gen- 
erating chamber to the top of the peripheral wall. 
[0051 ] In the twenty-first aspect, the rigidity of the dia- 

10 phragm in the proximity of the end of the pressure gen- 
erating chamber is increased and durability is improved. 
[0052] According to a twenty-second aspect of the 
present invention, in the ink jet recording head of any of 
the first to twenty-first aspects, the piezoelectric layer, 

is and one of the upper electrode and a lead electrode 
connected onto the upper electrode are extended from 
the longitudinal direction of the area facing the pressure 
generating chamber to the outside thereof. 
[0053] In the twenty-second aspect, the connection 

20 part of the upper electrode and external wiring can be 
formed easily in the area facing the peripheral wall of 
the pressure generating chamber. 
[0054] According to a twenty-third aspect of the 
present invention, in the ink jet recording head of the 

25 twenty-second aspect, the direction that the lower elec- 
trode extends to the top of the peripheral wall differs 
from the direction that the piezoelectric layer, and one of 
the upper electrode and the lead electrode connected 
onto the upper electrode extend to the top of the periph- 

30 era! wall. 

[0055] In the twenty-third aspect, the piezoelectric 
active part driven by applying a voltage exists in the 
area facing the pressure generating chamber and wiring 
can be drawn easily without requiring an inter-layer 

35 insulating film or a contact hole. 

[0056] According to a twenty-fourth aspect of the 
present invention, in the ink jet recording head of the 
twenty-second aspect, the direction that the lower elec- 
trode extends to the top of the peripheral wall is the 

40 same as the direction that the piezoelectric layer, and 
one of the upper electrode and the lead electrode con- 
nected onto the upper electrode extend to the top of the 
peripheral wall. 

[0057] In the twenty-fourth aspect, wiring can be 
46 drawn easily without requiring an inter-layer insulating 
film or a contact hole. 

[0058] According to a twenty-fifth aspect of the 
present invention, in the ink jet recording head of the 
twenty-third or twenty-fourth aspect, either one of the 
so lower electrode or the upper electrode is a common 
electrode. 

[0059] In the twenty-fifth aspect the piezoelectric ele- 
ments can be wired easily. 

[0060] According to a twenty-sixth aspect of the 
55 present invention, in the ink jet recording head of any of 
the first to twentieth aspects, the lower electrode is 
extended from the proximity of at least one end portion 
in a longitudinal direction of the area facing the pressure 
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generating chamber to the outside in the width direction 
to form a common electrode. 
[0061 ] In the twenty-sixth aspect, wiring can be drawn 
easily without requiring an inter-layer insulating film or a 
contact hole. s 
[0062] According to a twenty-seventh aspect of the 
present invention, in the ink jet recording head of any of 
the first to twenty-sixth aspects, the piezoelectric layer 
and the upper electrode are patterned in batch. 
[0063] In the twenty-seventh aspect, the piezoelectric io 
elements can be formed comparatively easily and the 
manufacturing process is simplified. 
[0064] According to a twenty-eighth aspect of the 
present invention, in the ink jet recording head of any of 
the first to twenty-first aspects, both ends of the piezoe- is 
lectric layer in the longitudinal direction thereof are pat- 
terned so as to be in the areas facing the pressure 
generating chambers and the upper electrode is contin- 
uously formed so as to cross the pressure generating 
chambers crossing in the width direction to form a com- 20 
mon electrode. 

[0065] In the twenty-eighth aspect, wiring can be 
drawn easily without requiring an inter-layer insulating 
film or a contact hole. 

[0066] According to a twenty-ninth aspect of the 25 
present invention, in the ink jet recording head of any of 
the first to twenty-seventh aspects, a remaining part 
made of the same layer as the lower electrode is pro- 
vided on tops of partitions on both sides in the width 
direction of the pressure generating chamber. 30 
[0067] In the twenty-ninth aspect, the lower el ectrode 
removal area lessens, so that the piezoelectric layer is 
formed on the patterned lower electrode in a substan- 
tially uniform film thickness. 

[0068] According to a thirtieth aspect of the present 35 
invention, in the ink jet recording head of the twenty- 
ninth aspect a discontinuous lower electrode discontin- 
uous with the lower electrode is provided on the outside 
of one end portion of the piezoelectric active part and 
the remaining part is extended continuously from the 40 
discontinuous lower electrode. 
[0069] In the thirtieth aspect, the spacing between the 
lower electrode making up a part of the piezoelectric 
element and the remaining part can be made narrow 
and the piezoelectric layer is formed in a uniform film 45 
thickness more reliably. 

[0070] According to a thirty-first aspect of the present 
invention, in the ink jet recording head of the twenty- 
ninth aspect, the remaining part is provided continu- 
ously with the lower electrode forming a part of the pie- so 
zoelectric element 

[0071] In the thirty-first aspect the spacing between 
the lower electrode making up a part of the piezoelectric 
element and the remaining part can be made compara- 
tively narrow and the piezoelectric layer is formed in a 55 
uniform film thickness. 

[0072] According to a thirty-second aspect of the 
present invention, in the ink jet recording head of any of 



the twenty-ninth to thirty-first aspects, the spacing 
between an end face in the width direction of the lower 
electrode and an end face in a width direction of the 
remaining part is wider than the thickness of the piezo- 
electric layer and is narrower than the width of the lower 
electrode. 

[0073] In the thirty-second aspect, the film thickness 
of the piezoelectric layer in the width direction thereof 
becomes substantially uniform and the piezoelectric 
characteristic is not degraded. 
[0074] According to a thirty-third aspect of the present 
invention, in the ink jet recording head of any of the 
twenty-ninth to thirty-second aspects, an end in a longi- 
tudinal direction of the piezoelectric layer is disposed in 
the proximity of the end portion of the pressure generat- 
ing chamber where the lower electrode is extended to 
the top of the peripheral wall and the distance from that 
end to a part where the lower electrode extended to the 
outside becomes wider is wider than the thickness of 
the piezoelectric layer and is narrower than the width of 
the lower electrode. 

[0075] In the thirty-third aspect, the film thickness of 
the piezoelectric layer in the proximity of the end in the 
longitudinal direction of the pressure generating cham- 
ber becomes uniform and if the piezoelectric layer is 
patterned, the lower electrode therebelow does not 
become thin. 

[0076] According to a thirty-fourth aspect of the 
present invention, in the ink jet recording head of any of 
the twenty-ninth to thirty-third aspects, the remaining 
part has a width which is 50% or more of the width of the 
partition between the adjacent pressure generating 
chambers. 

[0077] In the thirty-fourth aspect, the remaining part is 
formed in a«predetermined width, whereby the piezoe- 
lectric layer is formed in a uniform film thickness more 
reliably. 

[0078] According to a thirty-fifth aspect of the present 
invention, in the ink jet recording head of any of the 
twenty-ninth to thirty-fourth aspects, the lower electrode 
and the remaining part are formed in an area of a width 
of 50% or more of the area corresponding to the pres- 
sure generating chambers placed side by side and the 
partitions on both sides of the pressure generating 
chambers in the width direction thereof. 
[0079] In the thirty-fifth aspect the lower electrode 
and the remaining part are set to predetermined dimen- 
sions, whereby the film thickness of the piezoelectric 
layer becomes uniform reliably. 
[0080] According to a thirty-sixth aspect of the present 
invention, in the ink jet recording head of any of the 
twenty-ninth to thirty-third aspects, the lower electrode 
and the remaining part are formed in an area of 50% or 
more of all area of the flow passage formation sub- 
strate. 

[0081] In the thirty-sixth aspect, the lower electrode 
and the remaining part are set to predetermined dimen- 
sions, whereby the film thickness of the piezoelectric 
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layer becomes uniform reliably. 
[0082] According to a thirty-seventh aspect of the 
present invention, in the ink jet recording head of any of 
the first to thirty-sixth aspects, the crystalline structure 
of the piezoelectric layer on the lower electrode is sub- s 
stantially the same as that on the insulating layer. 
[0083] In the thirty-seventh aspect the crystalline 
state of the piezoelectric layer formed on the insulating 
layer becomes the same as that of the piezoelectric 
layer formed on the lower electrode, so that cracks do 10 
not occur and an abnormal stress does not occur on 
pattern boundaries either. 

[0084] According to a thirty-eighth aspect of the 
present invention, in the ink jet recording head of the 
thirty-seventh aspect, crystal seed as a nucleus of crys- is 
taJ of the piezoelectric layer is formed on a surface of the 
insulating layer. 

[0085] In the thirty-eighth aspect, the crystal structure 
of the piezoelectric layer is aligned in one orientation 
and is substantially uniformly formed owing to the crys- 20 
tal seed and occurrence of cracks, etc., is prevented. 
[0086] According to a thirty-ninth aspect of the present 
invention, in the ink jet recording head of the thirty- 
eighth aspect, the crystal seed is formed like islands. 
[0087] In the thirty-ninth aspect the crystal of the pie- 25 
zoelectric layer is grown from the crystal seed formed 
like islands. 

[0088] According to a fortieth aspect of the present 
invention, in the ink jet recording head of any of the 
eighteenth to thirty-ninth aspects, a second insulating 30 
layer is provided on the outside of the end of the lower 
electrode. 

[0089] In the fortieth aspect, the piezoelectric layer 
does not become thin in the proximity of the end of the 
lower electrode and dielectric breakdown of the piezoe- 35 
lectric layer caused by concentration of electric field is 
prevented. 

[0090] According to a forty^irst aspect of the present 
invention, in the ink jet recording head of the fortieth 
aspect, the second insulating layer has substantially the 40 
same film thickness as the lower electrode. 
[0091] In the forty-first aspect the level difference 
between the lower electrode and the second insulating 
layer is small and the piezoelectric layer of a substan- 
tially uniform film thickness can be formed thereon. 45 
[0092] According to a forty-second aspect of the 
present invention, in the ink jet recording head of the for- 
tieth or forty-first aspect the second insulating layer is 
made of an insulating material different from that of the 
insulating layer. so 
[0093] In the forty-second aspect, the second insulat- 
ing layer delivers a function regardless of the type of 
insulating material. 

[0094] Accorcfing to a forty-third aspect of the present 
invention, in the ink jet recording head of any of the 55 
eighteenth to thirty-ninth aspects, a thickf ilm part is pro- 
vided on the insulating layer on the outside of the end of 
the lower electrode. 



[0095] In the forty-third aspect, the piezoelectric layer 
does not become thin in the proximity of the end of the 
lower electrode, so that dielectric breakdown of the pie- 
zoelectric layer caused by concentration of electric field 
can be prevented. 

[0096] According to a forty-fourth aspect of the 
present invention, in the ink jet recording head of the 
forty-third aspect, the thick film part has substantially 
the same film thickness as the Icwer electrode. 
[0097] In the forty-fourth aspect, the level difference 
between the lower electrode and the thick film part is 
small and the piezoelectric layer of a substantially uni- 
form film thickness can be formed thereon. 
[0098] According to a forty-fifth aspect of the present 
invention, in the ink jet recording head of any of the 
eighteenth to thirty-ninth aspects, a fBm tapering part 
where film thickness of the lower electrode is gradually 
decreased toward the outside of the piezoelectric active 
part is provided at the end of the lower electrode. 
[0099] In the forty-fifth aspect, the film tapering part is 
provided at the end of the lower electrode, thus the pie- 
zoelectric layer formed in the proximity of the end of the 
lower electrode does not become thin and dielectric 
breakdown in the proximity of the end of the piezoelec- 
tric active part is prevented. 

[01 00] According to a forty-sixth aspect of the present 
invention, in the ink jet recording head of the forty-fifth 
aspect the film tapering part forms a slope where the 
film thickness of the lower electrode is gradually 
decreased. 

[01 01 ] In the forty-sixth aspect, the piezoelectric layer 
is formed along the slope of the film tapering part and 
the piezoelectric layer at the end of the piezoelectric 
active part does not become thin. 
[0102] According to a forty-seventh aspect *ottk<3 
present Invention, in the ink jet recording head of the 
forty ^fifth aspect the film tapering part is a part where 
the film thickness of the lower electrode is gradually 
decreased stepwise. 

[0103] In the forty-seventh aspect, the piezoelectric 
layer is formed along the form of the film tapering part 
and becomes substantially the same film thickness as 
any other portion. 

[0104] According to a forty-eighth aspect of the 
present invention, in the ink jet recording head of the 
forty-fifth aspect the film tapering part forms a slanting 
curved surface where the film thickness of the lower 
electrode is gradually decreased continuously. 
[0105] In the forty-eighth aspect, the piezoelectric 
layer is formed along the form of the film tapering part 
and becomes substantially the same film thickness as 
any other portion. 

[01 06] According to a forty-ninth aspect of the present 
invention, in the ink jet recording head of any of the 
forty-fifth to forty-eighth aspects, a portion of the piezo- 
electric layer formed on the film tapering part is thicker 
than any other portion. 

[01 07] In the forty-ninth aspect, concentration of elec- 
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trie field, etc., of the piezoelectric layer in the proximity 
of the end of the piezoelectric active part does not occur 
and dielectric breakdown is prevented. 
[0108] According to a fiftieth aspect of the present 
invention, in the ink jet recording head of any of the s 
eighteenth to forty-ninth aspects, the other end of the 
piezoelectric active part has a similar structure to that of 
the one end thereof. 

[01 09] In the fiftieth aspect, like one end of the piezo- 
electric active part, the other end is also prevented from 10 
being destroyed. 

[0110] According to a fifty-first aspect of the present 
invention, in the ink jet recording head of any of the 
eighteenth to forty-ninth aspects, the other end of the 
piezoelectric active part is formed by the ends of the is 
piezoelectric layer and the upper electrode and is cov- 
ered with a discontinuous piezoelectric layer discontinu- 
ous with the piezoelectric layer. 
[0111] In the fifty-first aspect, the end of the piezoelec- 
tric active part is protected by the discontinuous piezoe- 20 
lectric layer and the piezoelectric layer and the upper 
electrode are prevented from peeling, etc. 
[0112] According to a fifty-second aspect of the 
present invention, in the ink jet recording head of any of 
the eighteenth to forty-ninth aspects, the other end of 25 
the piezoelectric active part is formed by the ends of the 
piezoelectric layer and the upper electrode and is fixed 
with an adhesive. 

[01 13] In the fifty-second aspect the end of the piezo- 
electric active part is fixed and the piezoelectric layer 30 
and the upper electrode are prevented from peeling, 
etc. 

[0114] According to a fifty-third aspect of the present 
invention, in the ink jet recording head of any of the first 
to fifty-second aspects, the pressure generating cham- 
bers are formed by anisotropic etching and the lower 
electrode, piezoelectric, and upper electrode layers are 
formed by film formation and lithography method. 
[01 1 5] In the fifty-third aspect ink jet recording heads 
each having high-density nozzle openings can be man- 40 
ufactured in large quantities and comparatively easily. 
[01 1 6] According to a fifty-fourth aspect of the present 
invention, there is provided an ink jet recording appara- 
tus comprising an ink jet recording head of any of the 
first to fifty-third aspects. 45 
[0117] In the fifty-third aspect, an ink jet recording 
apparatus which is improved in the head drive efficiency 
and can well jet ink can be provided 

BRIEF DESCRIPTION OF THE DRAWINGS so 

[0118] In the accompanying drawings: 

Fig. 1 is an exploded perspective view of an ink jet 
recording head according to a first embodiment of 55 
the present invention; 

Figs. 2A and 2B are a plan view and a sectional 
view of the ink jet recording head according to the 



first embodiment of the present invention shown in 
Fig. 1; 

Figs. 3A and 3B are drawings to show modified 
examples of a seal plate in Fig. 1 ; 
Figs. 4A to 4E are drawings to show a thin film man- 
ufacturing process in the first embodiment of the 
present invention; 

Rg. 5 is a drawing to show the thin f flm manufactur- 
ing process in the first embodiment of the present 
invention; 

Figs. 6A and 6B are a plan view and a sectional 
view of the main part of the ink jet recording head 
according to the first embodiment of the present 
invention; 

Rg. 7 is a plan view to show a modified example of 
the ink jet recording head according to the first 
embodiment of the present invention; 
Rgs. 8A to 8C are plan views to show modified 
examples of the ink jet recording head according to 
the first embodiment of the present invention; 
Rgs. 9A and 9B are a plan view and a sectional 
view to show a modified example of the ink jet 
recording head according to the first embodiment of 
the present invention; 

Rg. 10 is a sectional view of the main part of an ink 
jet recording head according to a second embodi- 
ment of the present invention; 
Rgs. 11 A to 11 D are drawings to show a thin film 
manufacturing process in the second embodiment 
of the present invention; 

Rg. 12 is a sectional view of the main part of an ink 
jet recording head according to a third embodiment 
of the present invention; 

Rgs. 13A and 13B are a plan view and a sectional 
view of the main part of an ink jet recording head 
according to a fourth embodiment of the present 
invention; 

Rgs. 14A to 14C are drawings to show a thin film 
manufacturing process in the fourth embodiment of 
the present invention; 

Rgs. 15A and 15B are a plan view and a sectional 
view of the main part of an ink jet recording head 
according to a fifth embodiment of the present 
invention; 

Rg. 16 is a plan view of the main part to show a 
modified example of the ink jet recording head 
according to the fifth embodiment of the present 
invention; 

Rgs. 17A to 17C are a plan view and sectional 
views of the main part of an ink jet recording head 
according to a sixth embodiment of the present 
invention; 

Rg. 18 is a plan view of the main part of an ink jet 
recording head according to a seventh embodiment 
of the present invention; 

Rgs. 19A and 19B are a plan view and a sectional 
view of the main part of an ink jet recording head 
according to an eighth embodiment of the present 
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invention; 

Figs. 20A and 20B are sectional views of the main 
parts to show modified examples of the ink jet 
recording head according to the eighth embodiment 
of the present invention; s 
Figs. 21 A and 21 B are a plan view and a sectional 
view of the main part of an ink jet recording head 
according to a ninth embodiment of the present 
invention; 

Figs. 22A and 22B are a plan view and a sectional 10 
view of the main part of an ink jet recording head 
according to a tenth embodiment of the present 
invention; 

Figs. 23A and 23B are a plan view and a sectional 
view of the main part of an ink jet recording head is 
according to an eleventh embodiment of the 
present invention; 

Fig. 24 is an exploded perspective view to show an 
ink jet recording head accorcOng to another embod- 
iment of the present invention; 20 
Fig. 25 is a sectional view to shew the ink jet record- 
ing head shewn in Fig. 24; and 
Fig. 26 is a schematic diagram to show an ink jet 
recording apparatus according to one embodiment 
of the present invention. 25 



DETAILED DES C RIPTION QF THE PREFERRED 
EMBODIMENTS 

[01 1 9] Referring now to the accompanying drawings, so 
there are shown preferred embodiments of the present 
invention. 

[0120] Fig. 1 is an exploded perspective view to show 
an ink jet recording head according to a first embodi- 
* ment of the present invention. Fig. 2A is a plan view of 35 
the ink jet recording head shown in Fig. 1 and Fig. 2B is 
a sectional view to show the sectional structure in a lon- 
gitudinal direction of one pressure generating chamber. 
[0121 ] A flow passage formation substrate 10 is made 
of a silicon monocrystalline substrate having (110) 40 
direction of the crystal surface orientation in the embod- 
iment. Normally, a substrate about 150-300 jxm thick is 
used as the flow passage formation substrate 10; pref- 
erably a substrate about 180-280 jim thick, more prefer- 
ably a substrate about 220 urn thick is used because the 45 
arrangement density can be made high while the rigidity 
of a partition between contiguous pressure generating 
chambers is maintained. 

[0122] The flow passage formation substrate 10 is 
formed on one face with an opening face and on an so 
opposite face with an elastic film 50 of 0.1-2 \im thick 
made of silicon dioxide previously formed by thermal 
oxidation. 

[01 23] On the other hand, the flow passage formation 
substrate 10 is formed on the opening face with nozzle ss 
openings 11 and pressure generating chambers 12 by 
anisotropically etching the silicon monocrystalline sub- 
strate. 



[0124] The anisotropic etching is executed by using 
the nature that rf the silicon monocrystalline substrate is 
immersed in an alkaline solution such as KOH, it gradu- 
ally erodes, a first <1 1 1 > plane perpendicular to a <1 10) 
plane and a second (111) plane forming about 70 
degrees with the first <1 1 1 > plane and forming about 35 
degrees with the (110) plane appear, and the etching 
rate of the (1 1 1 ) plane is about 1/180 that of the <1 10) 
plane. By the anisotropic etching, accurate work can be 
executed based on depth work like a parallelogram 
formed by the two first (111) planes and the two second 
(111) planes tilted, and the pressure generating cham- 
bers 12 can be arranged at a high density. 
[0125] In the embodiment, the long sides of each 
pressure generating chamber 1 2 are formed by the first 
(111) planes and the short sides are formed by the sec- 
ond (111) planes. The pressure generating chambers 
12 are formed by etching the silicon monocrystalline 
substrate to the elastic film 50. The amount of immers- 
ing the elastic film 50 in the alkaline solution for etching 
the silicon monocrystalline substrate is extremely small. 
[0126] On the other hand, each nozzle opening 11 
communicating with one end of each pressure generat- 
ing chambers 1 2 is formed narrower and shallower than 
the pressure generating chamber 12. That is, the nozzle 
openings 1 1 are made by etching the silicon monocrys- 
talline substrate to an intermediate point in the thick- 
ness direction (half etching). The half etching is 
executed by adjusting the etching time. 
[01 27] The size of each pressure generating chamber 
12 for giving ink drop jet pressure to ink and the size of 
each nozzle opening 1 1 for jetting ink drops are opti- 
mized in response to the jetted ink drop amount, jet 
speed, and jet frequency. For example, to record 360 ink 
drops per inch, the nozzle opening 1 1 needs to be made 
with accuracy with a groove width of several ten jim. 
[0128] The pressure generating chambers 12 and a 
common ink chamber 31 (described later) are made to 
communicate with each other via ink supply communi- 
cation ports 21 formed at positions of a seal plate 20 
(described later) corresponding to one end of the each 
pressure generating chamber 12. Ink is supplied from 
the common ink chamber 31 through the ink supply 
communication ports 21 to the pressure generating 
chambers 12. 

[0129] The seal plate 20 is made of glass ceramic 
having a thickness of 0.1-1 mm and a linear expansion 
coefficient of 2.5-4.5 x 10" 6 [/°q at 300°C or less, for 
example, formed with the ink supply communication 
ports 21 corresponding to the pressure generating 
chambers 12. The ink supply communication ports 21 
may be one slit hole 21 A or a plurality of slit holes 21 B 
crossing the neighborhood of the ink supply side ends 
of the pressure generating chambers 12 as shown in 
Rg. 3A or 3B. One face of the seal plate 20 fully covers 
one face of the flow passage formation substrate 10, 
namely, the seal plate 20 also serves as a reinforcing 
plate for protecting the silicon monocrystalline substrate 
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from shock and external force. An opposite face of the 
seal plate 20 forms one wall face of the common ink 
chamber 31 . 

[01 30] A common ink chamber formation substrate 30 
forms a peripheral wall of the common ink chamber 31 ; s 
it is made by stamping a stainless steel having a proper 
thickness responsive to the number of nozzle openings 
and the ink drop jet frequency. In the embodiment the 
common ink chamber formation substrate 30 is 0.2 mm 
thick. 

[0131] An ink chamber side plate 40 is made of a 
stainless substrate and one face thereof forms one wall 
face of the common ink chamber 31. The ink chamber 
side plate 40 is formed with a thin wall 41 by forming a 
recess 40a by half etching a part of an opposite face, 
and is punched to make an ink introduction port 42 for 
receiving ink supply from the outside. The thin wall 41 is 
adapted to absorb pressure toward the opposite side to 
the nozzle openings 11 occurring when ink drops are 
jetted; it prevents unnecessary positive or negative 
pressure from being applied to another pressure gener- 
ating chamber 12 via the common ink chamber 31. In 
the embodiment considering the rigidity required at the 
connection time of the ink introduction port 42 and an 
external ink supplier, etc., the ink chamber side plate 40 
is 0.2 mm thick and a part thereof is made the thin wall 
41 of 0.02 mm thick. However, to skip formation of the 
thin wall 41 by half etching, the ink chamber side plate 
40 may be made 0.02 mm thick from the beginning. 
[0132] On the other hand, an insulation film 55, for 
example, 0.1-2 nm thick is formed on the elastic film 50 
on the opposite side to the opening face of the flow pas- 
sage formation substrate 10, and further a lower elec- 
trode film 60, for example, about 0.2-0.5 urn thick, a 
piezoelectric film 70, for example, about 1 jim thick, and 
an upper electrode film 80, for example, about 0.1 jxm 
thick are deposited on the insulation film 55 by a proc- 
ess described later, making up a piezoelectric element 
300. This piezoelectric element 300 refers to the portion 
containing the lower electrode film 60, the piezoelectric 
film 70, and the upper electrode film 80. Generally, one 
electrode of the piezoelectric element 300 is used as a 
common electrode and the other electrode and the pie- 
zoelectric film 70 are patterned so as to correspond to 
each pressure generating chamber 12. A portion made 
up of the patterned electrode and the piezoelectric film 
70 where piezoelectric distortion occurs as voltage is 
applied to both electrodes is referred to as an active part 
320 of the piezoelectric element 300. In the embodi- 
ment, the lower electrode film 60 is used as the com- 
mon electrode of the piezoelectric element 300 and the 
upper electrode film 80 is used as a discrete electrode 
of the piezoelectric element 300, but the lower electrode 
film 60 may be used as a discrete electrode and the 
upper electrode film 80 may be used as the common 
electrode for convenience of adrive circuit and wiring. In 
any case, the piezoelectric active part is formed for each 
pressure generating chamber 12. Here, the piezoelec- 



tric element 300 and the elastic film displaced by drive 
of the piezoelectric element 300 are collectively called a 
piezoelectric actuator. In the embodiment as described 
later, the lower electrode film 60 is patterned, thus the 
elastic film 50 and the insulation film 55 act as a dia- 
phragm. 

[01 33] A process of forming the piezoelectric films 70, 
etc., on the flow passage formation substrate 10 made 
of a silicon monocrystalline substrate will be discussed 
with reference to Fig. 4. 

[0134] As shown in Fig. 4A, first a wafer of a silicon 
monocrystalline substrate of which the flow passage 
formation substrate 10 will be made is thermally oxi- 
dized in a diffusion furnace at about 1 1 00°C to form the 
elastic film 50 made of silicon dioxide. 
[01 35] Next, as shown in Rg. 4B, the insulation film 55 
is formed on the elastic film 50. Preferably, the insulation 
film 55 is an intimate-contact insulation film made of a 
material having a good adhesion with the piezoelectric 
film 70; for example, it is formed of oxide or nitride of at 
least one element selected from among the elements of 
the piezoelectric film 70. In the embodiment a zirco- 
nium layer is formed on the elastic film 50, then thermal 
oxidation is executed in a diffusion furnace at about 
500°C-1200°C, for example, to form the insulation film 
55 made of zirconium oxide. 

[01 36] Next as shown in Rg. 4C, the lower electrode 
film 60 is formed by sputtering and is patterned in the 
areas corresponding to the pressure generating cham- 
bers 1 2 so that at least ends on both sides of each lower 
electrode film in the width direction thereof are posi- 
tioned in the area facing the corresponding pressure 
generating chamber 12. Pt, etc., is preferred as a mate- 
rial of the lower electrode film 60, because the piezoe- 
lectric film 70 (described later) formed by a sputtering 
method or a sol-gel method needs to be baked and 
crystallized at a temperature of about 600°C-1000°C in 
air or an oxygen atmosphere after film formation. That 
is, the material of the lower electrode film 60 must be 
able to hold electrical conductivity in such a high-tem- 
perature, oxygen atmosphere. Particularly if PZT is 
used as the piezoelectric film 70, it is desired that 
change in electrical conductivity caused by diffusion of 
PbO is less; Pt is preferred for the reasons. 
[0137] Next, as shown in Rg. 4D, the piezoelectric film 
70 is formed. In the embodiment, to form the piezoelec- 
tric film 70, a so-called sol-gel method is used wherein 
so-called sol including metal organic substance dis- 
solved and dispersed in a solvent is applied and dried to 
gel and further the gel is baked at a high temperature, 
thereby providing the piezoelectric film 70 made of 
metal oxide. A lead zirconate titanate (PZT) family 
material is preferred as a material of the piezoelectric 
film 70 for use with an ink jet recording head. The forma- 
tion method of the piezoelectric film 70 is not limited; for 
example, the piezoelectric film 70 may be formed by the 
sputtering method. In any way, the piezoelectric film 70 
thus formed has crystal oriented unlike bulk piezoelec- 
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trie substance. 

[01 38] Further, after a precursor film of PZT is formed 
by the sol-gel method, the sputtering method, or the 
like, it may be crystal-grown at a low temperature by a 
high-pressure processing method in an alkaline solu- 
tion. 

[0139] In any case, in the piezoelectric film 70 manu- 
factured thereby, crystal direction thereof is preferen- 
tially oriented differently from piezoelectric bulk, and the 
crystal has a columnar structure. Here, "preferential ori- 
entation" means a state wherein oriented direction of 
the crystal is not in disorder but specific crystal faces 
are almost oriented in a definite direction. And "colum- 
nar crystal structure" means a state wherein cylindrical 
crystals are gathering in a surface direction thereof to 
form a thin film while central axes thereof are substan- 
tially coincident with each other in a thickness direction 
thereof. Of course, the thin film may be conposed with 
preferentially oriented granular crystals. The thickness 
of the piezoelectric f 9m manufactured by such thin film 
technique is 0.5 - 5^m in general. 
[0140] Next, as shown in Rg. 4E, the upper electrode 
film 80 is formed. The upper electrode film 80 may be 
made of any material if it has high electrical conductiv- 
ity; for example, metal of Al, Au, Ni, Pt, etc., conductive 
oxide, etc.. can be used. In the embodiment, the upper 
electrode film 80 is formed of Pt by the sputtering 
method. 

[01 41 ] Then, as shown in Rg. 5, the piezoelectric film 
70 and the upper electrode film 80 are etched in batch 
for patterning the whole and the piezoelectric active 
parts 320. In the embodiment patterning is executed so 
that the each piezoelectric film 70 covers at least side 
faces at both ends of the associated lower elect rodefilm 
60 in the width direction thereof and that both ends of 
the piezoelectric film 70 in the width direction thereof 
are positioned within an area facing the associated 
pressure generating chamber 12. 
[01 42] Rgs. 6A and 6B are a plan view and a sectional 
view to show the main part of the ink jet recording head 
of the embodiment thus formed. 
[0143] In the ink jet recording head of the embodi- 
ment, as shown in Rg. 6A. each of the piezoelectric ele- 
ment 300 consisting of the lower electrode film 60, the 
piezoelectric film 70, and the upper electrode film 80 is 
placed in an area corresponding to the associated pres- 
sure generating chamber 1 2 and each of the active part 
320 of the piezoelectric element 300 consisting of the 
lower electrode f 9m 60 the piezoelectric film 70 and the 
upper electrode film 80 is formed in an area facing the 
associated pressure generating chamber 12 and being 
out of contact with the peripheral wall. In the embodi- 
ment, the lower electrode film 60 is patterned, thus the 
stress relaxation amount of the lower electrode film after 
the pressure generating chamber is formed is lessened 
and the initial deflection amount can be decreased as 
compared with the conventional structure wherein the 
lower electrode film is not patterned at the piezoelectric 



film formation time. 

[01 44] Each of the lower electrode film 60 used as one 
electrode of the piezoelectric element 300 is extended 
from one end in the longitudinal direction of the associ- 

5 ated pressure generating chamber 12 to the top of the 
peripheral wall thereof and the lower electrode films 60 
extended from the respective piezoelectric elements 
300 are joined on the top of the peripheral wall as com- 
mon electrode to the piezoelectric elements 300. and 

w connected to external wiring in the proximity of the end 
(not shown). 

[01 45] Each of the upper electrode f Om 80 used as the 
other electrode of the piezoelectric element 300 is 
extended together with the associated piezoelectric f 9m 

is 70 from one end in the longitudinal direction of the asso- 
ciated pressure generating chamber 12 (in the embodi- 
ment, from the end on the opposite side to the 
extending direction of the lower electrode film 60) to the 
top of the peripheral wall, and external wiring (not 

20 shown) is connected in the proximity of the end of the 
upper electrode film 80 so that voltage can be applied 
for each active part 320 of the piezoelectric element 
300. 

[0146] Thus, in the embodiment, the lower electrode 
25 film 60 and the upper electrode film 80 are extended to 
the top of the peripheral wall in the opposite directions 
from the end in the longitudinal direction of the pressure 
generating chamber 12. so that wiring can be drawn 
without using an inter-layer insulating film or a contact 
30 hole, and displacement efficiency and durability can be 
improved. 

[0147] As shown in Rg. 6B, the each lower electrode 
film 60 is formed so that both ends in the width direction 
are positioned within the area facing the associated 

35 pressure generating chamber 12, and both ends of the 
lower electrode film 60 in the width direction thereof are 
covered with the associated piezoelectric film 70. The 
piezoelectric film 70 covering both ends of the lower 
electrode film 60 in the width direction thereof and the 

40 insulation film 55 are formed so that they are adhered 
with each other. 

[0148] Thus, both sides of the lower electrode film 60 
vibrated during driving are completely covered with the 
corresponding piezoelectric film 70, so that the strength 

46 of the dielectric breakdown thereon is improved and 
thereby the dielectric breakdown of the piezoelectric 
film 70 can be prevented. In this embodiment, although 
the strength of the dielectric breakdown is low because 
the piezoelectric film 70 is manufactured by the thin-f 9m 

so technique so the thickness thereof as to be thin, the 
strength of the dielectric breakdown of the piezoelectric 
film 70 can remarkably improved to surely prevent the 
electric breakdown thereof by adopting such configura- 
tion. Further, since the piezoelectric film 70 and the 

55 insulation film 55 are brought completely into intimate 
contact with each other, the initial deflection amount of 
the diaphragm is decreased. 
[0149] The upper electrode film 80 is formed on the 
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piezoelectric film 70 so that the relationship among 
width Wje of the upper electrode film 80, width W BE of 
the lower electrode film 60, and thickness T of the pie- 
zoelectric film 70 becomes 

(W BE -5T)<W TE <(W BE+ 5T). 

Therefore, in the configuration, an electric field pro- 
duced when a voltage is applied to the part between the 
upper electrode film 80 and the lower electrode film 60 
acts effectively on the piezoelectric film 70 and the 
active part 320 of the piezoelectric element 300 can be 
driven effectively. 

[01 50] In the embodiment both ends of the piezoelec- 
tric film 70 in the width direction thereof are positioned 
in the area facing the pressure generating chamber 12, 
but the present invention is not limited to this configura- 
tion. For example, they may be positioned on the tops of 
the partitions on both sides in the width direction of the 
pressure generating chamber 12. 
[0151] In the embodiment, the insulation film 55 is 
formed of one layer of only the intimate-contact insula- 
tion film, but the present invention is not limited to this 
configuration. For example, the insulation film 55 may 
be formed of two or more layers, in which case prefera- 
bly, the top layer is an intimate-contact insulation film. 
The intimate-contact insulation film may be formed of 
multiple layers, needless to say. 
[0152] In the film formation and anisotropic etching 
sequence descrtoed the above, a large number of chips 
are formed on one wafer at the same time and after the 
process terminates, they are separated for each flow 
passage formation substrate 10 of one chip size as 
shown in Hg. 1 . Each flow passage formation substrate 
rio^.isxbonded to the seal plate 20, the common ink 
chamber formation substrate 30, and the ink chamber 
side plate 40 in order in one piece to form an ink jet 
recording head. 

[0153] With the described ink jet recording head, ink 
is taken in through the ink introduction port 42 con- 
nected to external ink supplier (not shown) and the 
inside of the recording head from the common ink 
chamber 31 to the nozzle openings 1 1 is f Pled with ink, 
then a voltage is applied to the part between the lower 
electrode film 60 and the upper electrode film 80 
according to a record signal from an external drive cir- 
cuit (not shown) for deflection-deforming the elastic film 
50, the insulation film 55, the lower electrode film 60, 
and the piezoelectric film 70, thereby raising pressure in 
the pressure generating chamber 12 and jetting an ink 
drop through the nozzle opening 1 1 . 
[0154] In the embodiment, the lower electrode film 60 
is extended from the end in the longitudinal direction of 
the pressure generating chamber 12 to the top of the 
peripheral wall, but the present invention is not limited to 
this configuration. For example, as shown in Fig. 7, a 
wider portion 60a wider than the pressure generating 
chamber 12 may be provided in that area of the each 
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lower electrode film 60 corresponding to the boundary 
between the pressure generating chamber 12 and the 
peripheral wall, and the area may be covered therewith. 
In the embodiment, the lower electrode films of the adja- 
5 cent piezoelectric elements are joined by the wider por- 
tions 60a. 

[01 55] In the embodiment, the lower electrode film 60 
is used as the common electrode and the upper elec- 
trode film 80 and the lower electrode film 60 are 
10 extended from the opposite ends in the longitudinal 
direction, but the present invention is not limited to this 
configuration. 

[0156] For example, as shown in Fig. 8A. the upper 
electrode film 80 may be used as the common electrode 
is and the upper electrode film 80 and the lower electrode 
film 60 may be extended from the opposite ends in the 
longitudinal direction to the top of the peripheral wall as 
in the embodiment 

[0157] For example, as shown in Fig. 8B, the lower 

20 electrode film 60, tor example, as the common electrode 
may be extended from the end in the longitudinal direc- 
tion of the pressure generating chamber 1 2 to the top of 
the outer peripheral wall in the width direction. At this 
time, preferably, the position at which the lower elec- 

2$ trade film 60 crosses the end of the pressure generating 
chamber 12 is within the dimension of the width thereof 
from the end in the longitudinal direction of the pressure 
generating chamber 12 so as not to interface with dis- 
placement caused by drive of the active part 320 of the 

30 piezoelectric element 300. In such a configuration, a 
voltage is applied to the part between the upper elec- 
trode film 80 and the lower electrode film 60, thereby 
driving the piezoelectric film 70 in the area sandwiched 
between the upper electrode film 80 and the lower elec- 

35 trode film 60 in the area-feeing the pressure generating 
chamber 12. According to the configurations,, similar 
advantages to those described above can also be pro- 
vided. In fact only the active part 320 of the piezoelec- 
tric element 300 in the area facing the pressure 

40 generating chamber 12 is driven, so that the displace- 
ment efficiency can be improved. 
[0158] For example, as shown in Fig. 8C. the upper 
electrode film 80 and the lower electrode film 60 may be 
extended from the same end in the longitudinal direction 

45 of the pressure generating chamber 1 2 to the top of the 
peripheral wail. In this case, the lower electrode film 60, 
the upper electrode film 80, and the piezoelectric film 70 
making up the active part 320 of the piezoelectric ele- 
ment 300 in the area facing the pressure generating 

so chamber 12 are extended continuously to the area fac- 
ing the peripheral wall; except this point, however, simi- 
lar advantages to those described above can be 
provided. 

[0159] Further, for example, as shown in Fig. 9, the 
55 lower electrode film 60 may be used as a discrete elec- 
trode and be extended from one end in the longitudinal 
direction to the top of the peripheral wall of the pressure 
generating chamber 12 for each active part 320 of the 
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piezoelectric element 300 and the upper electrode film 
80 may be formed continuously on the piezoelectric 
active parts 320 placed side by side in the width direc- 
tion as the common electrode to the piezoelectric active 
parts 320. This configuration can be provided by form- s 
ing the upper electrode film 80 after patterning the pie- 
zoelectric film 70, then patterning only the upper 
electrode film 80. According to the configuration, similar 
advantages to those described above can also be pro- 
vided. The upper electrode film 80 is formed contirtu- 10 
ously on the piezoelectric active parts 320 placed side 
by side in the width direction, whereby it is also formed 
in the area facing so-called diaphragm arm parts on 
both sides in the width direction of the active part 320 of 
the piezoelectric element 300; the strength of the arm 15 
parts is enhanced. 

Second embodiment: 

[0160] Fig. 10 is a sectional view of the main part of 20 
an ink jet recording head according to a second embod- 
iment of the present invention. 
[0161] As shown in Fig. 10, the second embodiment 
is the same as the first embodiment except that an insu- 
lation thick film portion 55a thicker than any other area 25 
is formed under the formation area of a lower electrode 
film 60. According to the configuration, similar advan- 
tages to those of the first embodiment can also be pro- 
vided. Since a piezoelectric film 70 is positioned apart 
from the neutral axis of displacement caused by drive of 30 
a piezoelectric element 300, the displacement efficiency 
is improved and the exclusion volume can be improved. 
[01 62] A film formation process of the second embod- 
iment will be discussed with reference to Rg. 1 1 . 
[0163] The process of forming aruelastic film 50, an 35 
insulation film 55, and a lower electrode film 60 on a 
flow passage formation substrate 10 is similar to that of 
the first embodiment After this, as shown in Rg. 11 A, 
the lower electrode film 60 and the insulation fDm 55 are 
etched for patterning. At this time, the insulation film 55 40 
is etched to an intermediate point in the thickness direc- 
tion (half etched). That is, the area where the lower 
electrode film 60 does not exist is made thin to form an 
insulation thin film portion 55b, whereby an insulation 
thick film portion 55a thicker than any other portion can 45 
be formed under the area where the lower electrode film 
60 exits. 

[0164] Next, as shown in Rgs. 11B and 11C, a piezo- 
electric film 70 and an upper electrode film 80 are 
formed. so 
[0165] Then, as shown in Rg. 11 D, the piezoelectric 
film 70 and the upper electrode ffim 80 are etched for 
patterning the whole and piezoelectric active parts 320. 
The later steps of the process are similar to those of the 
first embodiment 55 
[0166] Rg. 12 is a sectional view to show the main 
part of an ink jet recording head according to a third 
embodiment of the present invention. 



46A2 22 

[0167] As shown in Rg. 12, the third embodiment is 
the same as the first embodiment except that an elastic 
film removal part 350 where an elastic film 50 is 
removed is provided in the area corresponding to a 
pressure generating chamber 12 and except that an 
insulation film 55 and a lower electrode film 60 consti- 
tute a diaphragm. 

[0168] The formation method of the elastic film 
removal parts 350 are not limited to a specific process; 
for example, the elastic film removal parts 350 may be 
formed by etching, etc., after the pressure generating 
chambers 1 2 are formed. 

[0169] According to the configuration, similar advan- 
tages to those of the first embodiment can also be pro- 
vided. Since the elastic fflm removal parts 350 are 
provided, the arm parts of the cfiaphragm are formed 
only of the insulation film 55, so that the diaphragm cfis- 
placement efficiency caused by drive of an active part 
320 of the piezoelectric element 300 is improved and 
the exclusion volume can be improved. 
[0170] In the embodiment, the elastic film removal 
parts 350 are made in the elastic film 50 after the pres- 
sure generating chambers 12 are formed. However, the 
present invention is not limited to this configuration; for 
example, without providing the elastic film 50 from the 
beginning, the insulation film 55 may be formed directly 
on a flow passage formation substrate 10 and the dia- 
phragm may be formed only of the insulation film 55. 
The area of the insulation fflm 55 facing the lower elec- 
trode film may be made thicker than any other portion 
as in the second embodiment, needless to say. 
[0171] Rgs. 13A and 13B are a plan view and a sec- 
tional view to show the main part of an ink jet recording 
head according to a fourth embodiment of the present 
invention. 

[0172] As shown in Rg. 13, the fourth embodiment is 
the same as the first embodiment except that a piezoe- 
lectric film 70 is provided continuously from the area 
facing a pressure generating chamber 12 to partitions 
on both sides in the width direction. 
[01 73] That is. in the embodiment an active part 320 
of the piezoelectric element 300 consisting of a lower 
electrode film 60. a piezoelectric thick film part 70a and 
an upper electrode film 80 are provided in the area fac- 
ing each pressure generating chamber 12 and on both 
sides in the width direction of the active part 320 of the 
piezoelectric element 300, a piezoelectric thin film part 
70b thinner than the piezoelectric thick film part 70a is 
extended continuously to the outside of the area facing 
the pressure generating chamber 12. 
[0174] According to the configuration, both sides of 
the lower electrode fflm 60 vibrated during driving are 
completely covered with the piezoelectric film 70, so 
that strength of the dielectric breakdown is improved 
remarkably. Since the piezoelectric film 70b and the 
insulation film 55 are brought completely into intimate 
contact with each other, the initial deflection amount of 
the diaphragm is decreased. To form the piezoelectric 
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film 70 continuously from the pressure generating 
chamber 12 to the top of a peripheral wall as in the 
fourth embodiment, preferably the crystalline structure 
of the piezoelectric film 70 on the lower electrode film 60 
is the same as that on the insulation film 55. Thus, in the 
embodiment, the piezoelectric film 70 is formed as fol- 
lows: 

[0175] In the embodiment, as shown in Fig. 14A, 
before piezoelectric film 70 is formed, crystal seed 75 
made of titanium or titanium oxide is formed like islands 
on the lower electrode film 60 and the insulation film 55 
by the sputtering method, then uncrystallized piezoelec- 
tric precursor layer 71 is formed as shown in Fig. 14B, 
then baked for crystallization to form the piezoelectric 
film 70 as shown in Fig. 14C. 
[0176] An art of forming crystal seed and aligning 
crystal substantially in one orientation to form a piezoe- 
lectric film 70 on a lower electrode film 60 of platinum, 
etc., is known. However, in a special structure wherein 
piezoelectric film 70 is formed after lower electrode film 
60 is patterned as in the embodiment, even if crystal 
seed is previously formed on the lower electrode film 60, 
a different crystal structure results on insulation film 55 
and a crack easily occurs. Then, in the embodiment, 
crystal seed 75 is also formed on the insulation film 55, 
whereby the crystal structure of the piezoelectric film 70 
is made almost the same on the lower electrode film 60 
and the insulation film 55. thereby preventing cracks 
and an abnormal stress from occurring. The crystal 
seed on the insulation film 55 may be formed at the 
same time after the lower electrode film 60 is patterned. 
Alternatively, after crystal seed on the lower electrode 
film 60 is formed and patterning is executed, crystal 
seed may be formed separately on the insulation film 55 
only. In the embodiment, the crystal seed is formed like 
islands, but the present invention is not limited to this 
configuration; for example, the crystal seed may be 
formed like a film. 

[0177] In the embodiment, as in the above-described 
embodiment, the lower electrode film 60 used as one 
electrode of the active part 320 of the piezoelectric ele- 
ment 300 is extended from one end in the longitudinal 
direction to the top of the peripheral wall of the pressure 
generating chamber 12 and the lower electrode film 60 
extended from each active part 320 of the piezoelectric 
element 300 is joined on the top of the peripheral wail to 
form a common electrode to the respective piezoelectric 
active parts 320. which is connected to external wiring 
(not shewn) in an installation part 60c in the proximity of 
the end of a common part 60b. 
[01 78] Since the piezoelectric film is formed using the 
sol-gel method in the embodiment, the difference in 
level on the surface of the piezoelectric film 70 before 
etching is formed small and the piezoelectric film 70 in 
the area which becomes the piezoelectric thin film part 
70b after etching becomes comparatively thick. There- 
fore, if an attempt is made to pattern the piezoelectric 
film 70 in the area facing the pressure generating cham- 



ber 12, the common portion must be exposed in a sep- 
arate step; however, the piezoelectric thin film part 70b 
is formed, whereby the installation part 60c in the com- 
mon portion can also be exposed at the same time. 
5 [0179] Figs. 15A and 15B are a plan view and a sec- 
tional view of the main part of an ink jet recording head 
according to a fifth embodiment of the present inven- 
tion. 

[0180] As shown in Fig. 15, the fifth embodiment is an 

10 example wherein a discontinuous lower electrode film 
61 discontinuous with a lower electrode film 60 is 
formed below a piezoelectric film 70 in the area facing 
the boundary between one end and the peripheral wall 
of a pressure generating chamber 12. That is, in the 

is embodiment, in the proximity of the end of the side of 
the pressure generating chamber 12 where the piezoe- 
lectric film 70 and an upper electrode fflm 80 are 
extended, a lower electrode film removal part 330 where 
the lower electrode film 60 is removed is provided, for 

20 example, like a narrow groove in the direction in which 
the pressure generating chambers 12 are placed side 
by side along the form thereof. The lower electrode film 
in the boundary between the end and the peripheral 
wall of each pressure generating chamber 12 becomes 

25 the discontinuous lower electrode film 61 discontinuous 
with the lower electrode film 60 of an active part 320 of 
the piezoelectric element 300. 
[0181] In the embodiment, on the top of a peripheral 
wall on the outside of the discontinuous lower electrode 

30 film 61 , each wiring lower electrode film 62 used as wir- 
ing of each active part 320 of the piezoelectric element 
300 is provided by patterning the lower electrode film 60 
separately for each active part 320 of the piezoelectric 
element 300. The piezoelectric film 70 and the upper 

35 . electrode film 80 are extended onto the wiring lower 
electrode film 62 via the top of the discontinuous lower 
electrode film 61 , and they are connected by a lead 
electrode 100. In the embodiment, the lower electrode 
film 60 is formed directly on an elastic film 50 without 

40 providing an insulation film 55 on the elastic film 50. 
[0182] The width of the lower electrode film removal 
part 330 separating the lower electrode film 60 and the 
discontinuous lower electrode film 61 needs to be a 
width at least capable of holding the insulating strength 

45 between the lower electrode film 60 and the discontinu- 
ous lower electrode film 61; however, preferably the 
lower electrode film removal part 330 is made narrow as 
much as possible for holding the rigidity of a diaphragm. 
[0183] In the configuration, the discontinuous lower 

so electrode film 61 becomes a floating electrode not elec- 
trically connected to any other parts, the piezoelectric 
film 70 and the upper electrode film 80 disposed on the 
lower electrode film 60 constitute the active part 320 of 
the piezoelectric element 300 which becomes a sub- 

55 stantial drive part, and the piezoelectric film 70 and the 
upper electrode film 80 on the discontinuous lower elec- 
trode film 61 are not strongly driven. 
[01 84] Therefore, the boundary between the pressure 



4/29/2005, EAST Version: 2.0.1.4 



25 



EP0 963 846 A2 



26 



generating chamber 12 and the peripheral wail is not 
strongly driven if a voltage is applied to the active part 
320 of the piezoelectric element 300, thus the rigidity of 
the diaphragm at the end of the longitudinal direction of 
the pressure generating chamber 12 is high and 
destruction of the diaphragm or the piezoelectric film 70 
or the like in the portion can be prevented. 
[0185] In the embodiment, the discontinuous lower 
electrode film 61 is formed over the area in the direction 
in which the pressure generating chambers 12 are 
placed side by side, but the present invention is not lim- 
ited to this configuration. For example, as shown in Fig. 
16, separate discontinuous lower electrode films 61 
may be provided in a one-to-one correspondence with 
the piezoelectric active parts 320, whereby the piezoe- 
lectric film 70 and the upper electrode film 80 on the dis- 
continuous lower electrode film 61 are not driven at all 
and destruction of the diaphragm or the piezoelectric 
film 70 or the like can be prevented more reliably. 
[0186] In the embodiment, the discontinuous lower 
electrode film 61 is a floating electrode not electrically 
connected to any other parts, but the present invention 
is not limited to this configuration. For example, the dis- 
continuous lower electrode film 61 may be connected to 
an electrode layer via a resistor having a predetermined 
resistance value so that time constant for charging 
becomes larger than the drive pulse of the active part 
320 of the piezoelectric element 300. 
[0187] Figs. 1 7A to 1 7C are a plan view and sectional 
views of the main part of an ink jet recording head 
according to a sixth embodiment of the present inven- 
tion. 

[0188] As shown in Fig. 17, the sixth embodiment is 
an example wherein a remaining part 63 made of the 
same layers as a lower electrode film 60 is provided on 
the top of a partition in the width direction of a pressure 
generating chamber 1 2. In the embodiment, the remain- 
ing part 63 is provided in the longitudinal direction of the 
pressure generating chamber 12 continuously with the 
lower electrode film 60 of an active part 320 of the pie- 
zoelectric element 300. That is, lower electrode film 
removal parts 330 with the lower electrode film 60 
removed are provided in the areas facing the bounda- 
ries with the partitions on both sides in the width direc- 
tion of the pressure generating chamber 12, whereby 
the remaining part 63 is formed in the area facing the 
partition. 

[0189] Preferably, spacing hi between the side at the 
end in the width direction of the lower electrode film 60 
and the side at the end in the width direction of the 
remaining part 63 and spacing h2 between the side at 
the end in the longitudinal direction of the piezoelectric 
film 70 and the part where the lower electrode film 60 
extended to the top of the peripheral wall becomes wide 
are wider than the film thickness of the piezoelectric film 
70 and narrower than the width of the lower electrode 
film 60. 

[01 90] Preferably, the width of the remaining part 63 is 



50% or more of the width of the partition; more prefera- 
bly 80% or more. Further, preferably the lower electrode 
film 60 or the remaining part 63 is formed in the area of 
at least 50% or more of the area facing the pressure 

5 generating chambers 12 placed side by side and the 
partitions on both sides in the width direction of the 
pressure generating chambers 12. 
[0191] In the embodiment, in the proximity of the end 
of the side of the pressure generating chamber 12 

10 where the piezoelectric film 70 and the upper electrode 
film 80 are extended, the lower electrode f itm 60 is sep- 
arated by the lower electrode film removal part 330 
where the lower electrode film 60 is removed like a nar- 
row groove in the direction in which the pressure gener- 
is ating chambers 12 are placed side by side, and the 
lower electrode film in the area facing the peripheral wall 
of each pressure generating chamber 12 becomes a 
discontinuous lower electrode film 61 discontinuous 
with the lower electrode film 60 forming a part of the 

20 active part 320 of the piezoelectric element 300. The 
piezoelectric film 70 and the upper electrode film 80 are 
extended onto the discontinuous lower electrode film 61 
and the upper electrode film 80 and external wiring are 
connected in the proximity of the end (not shown). 

25 [0192] Thus, in the embodiment, the remaining part 
63 is provided in the area facing the partitions on both 
sides in the width direction of the pressure generating 
chamber 12 preferably under the above-described con- 
dition, so that the lower electrode film 60 removal area 

30 very lessens and if the piezoelectric film 70 is formed on 
the patterned lower electrode film 60, the fflm thickness 
of the piezoelectric film 70 becomes substantially uni- 
form on the whole and the piezoelectric film 70 does not 
become locally thin. 

35 [0193] Since the distance betwsan the side at the end 
in the longitudinal direction of the piezoelectric film 70 
and the part where the lower electrode film 60 extended 
to the top of the peripheral wall becomes wide is made 
comparatively narrow, the film thickness of the piezoe- 

40 lectric film 70 becomes uniform even in the proximity of 
the end in the longitudinal direction of the pressure gen- 
erating chamber 1 2. Thus, to use a nonselective etching 
method such as ion milling to etch the piezoelectric fflm 
70 in the proximity of the end of the side of the pressure 

45 generating chamber 12 where the lower electrode film 
60 is drawn, the lower electrode film 60 below the piezo- 
electric film 70 is not removed together and does not 
become thin. Therefore, the rigidity of the lower elec- 
trode film 60 in the proximity of the end of the side of the 

so pressure generating chamber 12 is not degraded and 
the durability is enhanced. The effect appears remarka- 
bly particularly if the piezoelectric film 70 is formed by a 
spin coat method such as the sol-gel method as 
described above; in addition, the piezoelectric film 70 

55 may be formed by an MOD method (metal-organic 
decomposition method), etc., for example. 
[0194] Rg. 18 is a plan view of the main part of an ink 
jet recording head according to a seventh embodiment 
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of the present invention. 

[0195] As shown in Fig. 18, the seventh embodiment 
is the same as the sixth embodiment except that a 
remaining part 63 provided on the top of a peripheral 
wall in the width direction of a pressure generating 
chamber 12 is provided continuously with a discontinu- 
ous lower electrode film 61 rather than a lower electrode 
film 60 forming a part of an active part 320 of the piezo- 
electric element 300. 

[01 96] According to such a configuration, a piezoelec- 
tric film 70 does not become thin and similar advan- 
tages to those of the sixth embodiment can be provided. 
[0197] In the sixth and seventh embodiments, the 
remaining part 63 is provided continuously with the 
lower electrode film 60 forming a part of a piezoelectric 
element 300 or the discontinuous lower electrode film 
61 , but the present invention is not limited to this config- 
uration. For example, the remaining part 63 may be pro- 
vided independently. 

[0198] The remaining part 63 is always left but the 
present invention is not limited to this configuration. 
After the piezoelectric element 300 is formed, the 
remaining part 63 may be removed Even in such a con- 
figuration, the film thickness of the piezoelectric film 70 
is formed substantially uniform, thus similar advantages 
to those of the above-described embodiment can be 
provided, of course. 

[01 99] Figs. 1 9A and 1 9B are a plan view and a sec- 
tional view of the main part of an ink jet recording head 
according to an eighth embodiment of the present 
invention. 

[0200] As shown in Fig. 19, the eighth embodiment is 
an example wherein a film tapering part 64 where the 
film thickness of a lower electrode film 60 is gradually 
decreased toward the outsider an active part 320 of 
the piezoelectric element 300 is provided at the end of 
the lower electrode film 60 forming a part of an active 
part 320 of the piezoelectric element 300. The form of 
the film tapering part 64 is not limited to a specific 
shape; for example, in the embodiment the film taper- 
ing part 64 forms a slope where the film thickness of the 
lower electrode film 60 is gradually decreased continu- 
ously. 

[0201] In the embodiment on the top of a peripheral 
wall on the outside of the film tapering part 64, a wiring 
lower electrode film 62 used as wiring of each active 
part 320 of the piezoelectric element 300 is provided by 
patterning the lower electrode f3m 60 separately for 
each active part 320 of the piezoelectric element 300. A 
piezoelectric film 70 and an upper electrode film 80 are 
patterned in the area facing a pressure generating 
chamber 12 and the upper electrode film 80 and the wir- 
ing lower electrode film 62 are connected by a lead 
electrode 100. 

[0202] In the configuration of the embodiment, the film 
tapering part 64 where the film thickness is gradually 
decreased toward the outside of the active part 320 of 
the piezoelectric element 300 is provided at the end of 



the lower electrode film 60 as the end of the active part 
320 of the piezoelectric element 300, thus if the piezoe- 
lectric film 70 is formed on the lower electrode film 60 
containing the film tapering part 64, it is formed along 

s the form of the lower electrode film 60 and the whole 
film thickness becomes substantially uniform. That is. 
the piezoelectric film 70 at the end of the lower elec- 
trode f 9m 60 does not become thin and dielectric break- 
down of the piezoelectric film 70 caused by 

10 concentration of electric field, etc., in the proximity of the 
end of the active part 320 of the piezoelectric element 
300 can be prevented. 

[0203] In the embodiment, the film tapering part 64 is 
made a slope where the film thickness is gradually 

15 decreased continuously, but the present invention is not 
limited to this configuration. For example, as shown in 
Fig. 20A, a film tapering part 64A may be provided with 
the film thickness decreased stepwise in cross section. 
The formation method of the film tapering part 64A is 

20 not limited either; for example, a resist is applied more 
than once and a resist film shaped stepwise substan- 
tially the same form as the film tapering part 64A is 
formed in the area of the lower electrode film 60 where 
the f 3m tapering part 64A is to be formed, then the lower 

25 electrode film 60 is patterned, whereby the film tapering 
part 64A can be formed. 

[0204] For example, as shown in Fig. 20 B, a film taper- 
ing part 64B may be provided as a slanting curved sur- 
face in cross section. The formation method of the film 

30 tapering part 64B is not limited either; for example, the 
area on the elastic film 50 where the lower electrode film 
60 is not formed and the area where the film tapering 
part 64B is to be formed are masked and the lower elec- 
trode film 60 is formed by so-called mask evaporation, 

35 whereby the film tapering part 64B is formed. Thafcisr- 
the lower electrode film 60 is also formed in a part of the 
mask area from a mask gap, providing the film tapering 
part 64B which is a slanting curved surface in cross sec- 
tion. Of course, as described above, a resist film of sub- 

40 stantially the same form as the film tapering part 64B is 
formed on the lower electrode fflm 60, then the lower 
electrode film 60 is patterned, whereby the film tapering 
part 64B can be formed. 

[0205] In the embodiment, the piezoelectric film 70 
45 and the upper electrode film 80 are patterned in the 
area facing the pressure generating chamber 12, but 
they may be extended onto the wiring lower electrode 
film 62, of course. 

[0206] Further, in the embodiment, the upper elec- 
so trode film 80 and the wiring lower electrode film 62 are 
connected by the lead electrode 100, but the present 
invention is not limited to this configuration. For exam- 
ple, the piezoelectric film 70 and the upper electrode 
film 80 may be extended onto the wiring lower electrode 
55 film 62 for connecting the upper electrode film 80 and 
the wiring lower electrode film 62 directly. 
[0207] Figs. 21 A and 21B are a plan view and a sec- 
tional view of the main part of an ink jet recording head 
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according to a ninth embodiment of the present inven- 
tion. 

[0208] The ninth embodiment is an example wherein 
an insulating film made of an insulating material is pro- 
vided on the outside in the longitudinal direction of a 5 
lower electrode tarn 60. That is, as shown in Fig. 21 , the 
ninth embodiment is similar to the eighth embodiment 
except that an active part 320 of the piezoelectric ele- 
ment 300 consisting of a lower electrode film 60, a pie- 
zoelectric film 70 and an upper electrode film 80 are 
formed on an elastic film 50 in the area toeing each 
pressure generating chamber 12 and except that a sec- 
ond insulating film 65 having substantially the same film 
thickness as the lower electrode film 60 is formed, for 
example, on the outside of the end of the lower elec- 
trode film 60, which is the end of the active part 320 of 
the piezoelectric element 300. The material of the sec- 
ond insulating film 65 is not limited; for example, it ma/ 
be an insulating material different from that of an insu- 
lating film 55. 

[0209] In the ninth embodiment after the lower elec- 
trode film 60 is patterned, the second insulating film 65 
is formed on a lower electrode fflm removal part 330 
provided on the outside in one end of the lower elec- 
trode film 60 in the longitudinal direction thereof, and the 
piezoelectric film 70 and the upper electrode film 80 are 
formed and patterned on the second insulating film 65. 
forming the active part 320 of the piezoelectric element 
300. whereby the piezoelectric film 70 does not become 
thin at the end of the lower electrode film 60, and dielec- 
tric breakdown of the piezoelectric film 70 caused by 
concentration of electric field, etc., in the portion can be 
prevented. Even in such a configuration, similar advan- 
tages to those of the above-described embodiment can 
be provided, of course. 

[021 0] Figs. 22A and 22B are a plan view and a sec- 
tional view of the main part of an ink jet recording head 
according to a tenth embodiment of the present inven- 
tion. 

[0211] As shown in Fig. 22. the tenth embodiment is 
similar to the ninth embodiment except that a thick film 
part 51 thicker than any other portion of an elastic film 
50 (for example, in the embodiment, placed almost at 
the same height as a lower electrode film 60) is pro- 
vided on the outside of an end of the lower electrode 
film 60, which is an end of an active part 320 of the pie- 
zoelectric element 300, in place of a second insulating 
film 65. 

[021 2] In the tenth embodiment, after an elastic film 50 
is patterned to form a thick fflm part 51 at a predeter- 
mined position, a piezoelectric film 70 and an upper 
electrode film 80 are formed and patterned, thereby 
forming the active part 320 of the piezoelectric element 
300, whereby the piezoelectric film 70 in the area corre- 
sponding to the end of the lower electrode film 60 does 
not become thinner than any other portion, and dielec- 
tric breakdown of the piezoelectric film 70 caused by 
concentration of electric field, etc., in the portion can be 



prevented. Even in such a configuration, similar advan- 
tages to those of the above-described embodiment can 
be provided, of course. 

[0213] Figs. 23 A and 23B are a plan view and a sec- 
tional view of the main part of an ink jet recording head 
according to an eleventh embodiment of the present 
invention. 

[0214] As shown in Rgs. 23A and 23B, the eleventh 
embodiment is an example wherein an end of an upper 
electrode film 80 is formed inside from an end of a lower 
electrode film 60 and becomes an end of an active part 
320 of the piezoelectric element 300. For example, in 
the embodiment, the piezoelectric film 70 is also formed 
on the lower electrode film 60 projecting to the outside 
from the end of the upper electrode film 80, but this por- 
tion constitutes a piezoelectric inactive part 340 not 
substantially driven. 

[0215] As in the eighth embodiment, etc., described 
above, a wiring lower electrode film 62 is provided on 
the top of a peripheral wall of a pressure generating 
chamber 12 and is connected at one end to an external 
terminal (not shown) and is connected to the upper 
electrode film 80 of the active part 320 of the piezoelec- 
tric element 300 by a lead electrode 100 extended onto 
the piezoelectric inactive part 340. 
[0216] In a lower electrode film removal part 330 
where the lower electrode film 60 is removed between 
the wiring lower electrode film 62 and the lower elec- 
trode film 60. in the embodiment, the piezoelectric film 
70 is not removed and remains and the lower electrode 
film 60 and the lead electrode 100 are insulated from 
each other. 

[021 7] Thus, in the embodiment, on the outside of the 
end of the side of the active part 320 of the piezoelectric 
element 300 where the lead electrode 100 is drawn, the 
piezoelectric inactive part 340 is provided continuously, 
for example, by removing the upper electrode film 80, 
whereby the distance between the end of the upper 
electrode film 80. which is the end of the active part 320 
of the piezoelectric element 300. and the end of the 
lower electrode film 60 can be made large. Thus, if a 
voltage is applied to the active part 320 of the piezoelec- 
tric element 300, the electric field strength at the end of 
the active part 320 of the piezoelectric element 300 
does not grow and dielectric breakdown of the piezoe- 
lectric film 70, etc., can be prevented. Since the thick- 
ness of the piezoelectric film 70 of the active part 320 of 
the piezoelectric element 300 becomes uniform, the 
piezoelectric characteristic is improved. Even in such a 
configuration, similar advantages to those of the above- 
described embodiment can be provided. 
[0218] The embodiments of the present invention 
have been described, but the basic configuration of the 
ink jet recording head is not limited to the configurations 
described above. 

[0219] For example, in the above-described embodi- 
ments, the end of the lower electrode film 60 is the end 
of the active part 320 of the piezoelectric element 300 
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and the piezoelectric film 70 and the upper electrode 
film 80 on the lower electrode film 60 are extended to 
the outside of the end for preventing destruction of the 
active part 320 of the piezoelectric element 300; at the 
opposite end, the lower electrode film 60 is drawn to the 
top of the peripheral wall and the piezoelectric film 70 
and the upper electrode film 80 are patterned in the 
pressure generating chamber 12. thereby forming the 
end of the active part 320 of the piezoelectric element 
300. There is a possibility that peeling, etc., of the pie- 
zoelectric film 70 and the upper electrode film 80 may 
occur at the end. However, for example, the end of the 
active part 320 of the piezoelectric element 300 may be 
fixed with an adhesive, etc., or be covered with a discon- 
tinuous piezoelectric film discontinuous with the piezoe- 
lectric film 70 of the piezoelectric element 300 or the 
like, whereby it is protected for enhancing durability. 
[0220] For example, in the above-described embodi- 
ments, the structure of the side of one end of the active 
part 320 of the piezoelectric element 300 is described, 
but the present invention is not limited to this configura- 
tion. Of course, a similar structure may be adopted for 
the opposite end of the active part 320 of the piezoelec- 
tric element 300. 

[0221] For example, in addition to the above- 
described seal plate 20, the common ink chamber for- 
mation plate 30 may be made of glass ceramic and fur- 
ther the thin wall 41 may be made of glass ceramic as a 
separate member; the material, structure, etc., can be 
changed as desired. 

[0222] In the embodiments, the nozzle openings are 
made in the end face of the flow passage formation sub- 
strate 10, but may be formed projecting in a direction 
perpendicular to the plane. 

[0223] -Fig. 24 is an exploded perspective view of an 
embodiment of an ink jet recording head having such a 
configuration and Rg. 25 is a sectional view to show a 
flow passage in the ink jet recording head. In the 
embodiment, nozzle openings 1 1 are made in a nozzle 
substrate 120 opposed to piezoelectric vibrator and 
nozzle communication ports 22 for allowing the nozzle 
openings 11 and pressure generating chambers 12 to 
communicate with each other are placed so as to pene- 
trate a seal plate 20, a common ink chamber formation 
plate 30, a thin plate 41 A, and an ink chamber side plate 
40 A. 

[0224] The embodiment is basically similar to the 
above-described embodiments except that the thin 
plate 41 A and ink chamber side plate 40 A are separate 
members and except that an opening 40b is made in the 
ink chamber side plate 40 A. Parts identical with those 
previously described with reference to the accompany- 
ing drawings are denoted by the same reference numer- 
als in Figs. 24 and 25 are will not be discussed again. 
[0225] Of course, the present invention can also be 
applied to ink jet recording heads of the type wherein a 
common ink chamber is formed in a flow passage for- 
mation substrate. 



[0226] Thus, the present invention can be applied to 
ink jet recording heads of various structures without 
departing from the spirit and the scope of the present 
invention. 

5 [0227] Each of the ink jet recording heads of the 
embodiments forms a part of a recording head unit 
comprising an ink flow passage communicating with an 
ink cartridge, etc., and is installed in an ink jet recording 
apparatus. Fig. 26 is a schematic diagram to show an 

w example of the ink jet recording apparatus. 

[0228] As shown in Fig. 26, cartridges 2A and 2B 
forming a ink supply member are detachably placed in 
recording head units 1 A and 1B each having an ink jet 
recording head, and a carriage 3 on which the recording 

is head units 1 A and 1 B are mounted is placed so as to be 
axially movable on a carriage shaft 5 attached to a 
recorder main body 4. The recording head units 1 A and 
1 B jet a black ink composite and a color ink composite 
respectively, for example. 

20 [0229] The driving force of a drive motor 6 is transmit- 
ted to the carriage 3 via a plurality of gears and a timing 
belt (not shown), whereby the carriage 3 on which the 
recording head units 1 A and 1 B are mounted is moved 
along the carriage shaft 5. On the other hand, the 

25 recorder main body 4 is provided with a platen 8 along 
the carriage shaft 5 and a recording sheet S of a record- 
ing medium such as paper fed by a paper feed roller, 
etc., (not shown) is wrapped around the platen 8 and is 
transported. 

30 [0230] Thus, in the embodiments of the present inven- 
tion, the lower electrode film is patterned in the areas 
facing the pressure generating chambers and both ends 
in the width direction thereof are covered with the piezo- 
electric layer, so that the strength of the dielectric break- 
as down on a sidewail is improved. Especially, in the 
piezoelectric film manufactured by the thin-film tech- 
nique, it is easily occurred the dielectric breakdown 
because such piezoelectric film has thin thickness. 
However, adopting such a configuration, the electric 
40 breakdown of the piezoelectric film can be surely pre- 
vented. 

[0231] Further, since the piezoelectric film and the 
insulation film are brought into intimate contact with 
each other, the initial deflection amount of the dia- 

45 phragm at the time of forming the pressure generating 
chamber is decreased. Further, the width of the upper 
electrode film is formed within the predetermined range, 
thus lowering of the cfisplacement efficiency of the pie- 
zoelectric active part by applying a voltage can be pre- 

so vented. Therefore, the piezoelectric active part of each 
diaphragm can be driven efficiently. 
[0232] If the remaining part made of the same layer as 
the lower electrode film is provided on the tops of the 
partitions on both sides in the width direction of the 

55 pressure generating chamber and the area of the lower 
electrode film removal part is made small, the piezoe- 
lectric film can be formed in a substantially uniform film 
thickness and degradation of the partial piezoelectric 
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characteristic of the piezoelectric film can be sup- 
pressed. Further, since the film thickness of the piezoe- 
lectric film is substantially uniform, when the 
piezoelectric fibn is patterned at the end of the side of 
the pressure generating chamber where the lower elec- 5 
trode film is drawn, the lower electrode film does not 
become thin; destruction of the lower electrode film, 
etc.. can be prevented and the durability is enhanced. 
[0233] If the second insulating film, thick film part, or 
the like is provided on the outside of the end of the lower 10 
electrode film, which becomes the end of the piezoelec- 
tric active part, and the piezoelectric film and the upper 
electrode film are formed and patterned thereon, the 
piezoelectric film in the proximity of the end of the lower 
electrode film does not become thinner than any other is 
portion, and dielectric breakdown of the piezoelectric 
film caused by concentration of electric field; eta, can 
be prevented. 

[0234] Further, wiring can be drawn easily without 
using an inter-layer insulating film or a contact hole, and 20 
the displacement efficiency and durability can be 
improved. 

Claims 

25 

1 . An ink jet recording head corrprising: 

a pressure generating chamber communicat- 
ing with a nozzle opening; and 
a piezoelectric element a lower electrode pro- 30 
vided on an area facing the pressure generat- 
ing chamber via an insulating layer, a 
piezoelectric layer provided on the lower elec- 
trode, and an upper electrode provided on the 
piezoelectric layer, e , *x 
wherein at least both ends of the lower elec- 
trode in a width direction thereof are positioned 
within the area facing the pressure generating 
chamber, and the piezoelectric layer covers 
sides of both ends of the lower electrode in the 40 
width direction thereof. 

2. The ink jet recording head as set forth in claim 1, 
wherein crystal direction of the piezoelectric layer is 
preferentially oriented. 45 

3. The ink jet recording head as set forth in claim 2, 
wherein the piezoelectric layer has a columnar 
crystal structure. 

50 

4. The ink jet recording head as set forth in claim 1, 
wherein the insulating layer in the area under the 
area where the lower electrode is formed is thicker 
than any other area. 

55 

5. The ink jet recording head as set forth in claim 1, 
wherein the top of the insulating layer in a thickness 
direction thereof is made of an adhesive insulating 



layer made of a material having a good adhesion 

with the piezoelectric layer, and 

wherein the adhesive insulating layer is adhered 

with the piezoelectric layer covering sides of both 

ends of the lower electrode in the width direction 

thereof. 

6. The ink jet recording head as set forth in claim 5, 
wherein the material of the adhesive insulating 
layer is made of either one of an oxide or a nitride of 
at least one element selected from composite ele- 
ment of the piezoelectric layer. 

7. The ink jet recording head as set forth in claim 6, 
wherein the adhesive insulating layer is made of zir- 
conium oxide. 

8. The ink jet recording head as set forth in claim 5, 
wherein the insulating layer is made of the adhesive 
insulating layer. 

9. The ink jet recording head as set forth in claim 8, 
wherein the insulating layer is formed directly on a 
silicon monocrystalline substrate. 

10. The ink jet recording head as set forth in claim 8. 
wherein the insulating layer is formed on a silicon 
dioxide fflm formed on the silicon monocrystalline 
substrate, and 

wherein the portions of the silicon dioxide film cor- 
responding to the pressure generating chambers 
are removed. 

11. The ink jet recording head as set forth in claim 5, 
wherein the piezoelectric layer is made of PZT.and^ 
the adhesive insulating layer is made of zirconium 
oxide. 

12. The ink jet recording head as set forth in daim 1, 
wherein both ends of the piezoelectric layer in a 
width direction thereof are positioned in the area 
facing the pressure generating chamber. 

13. The ink jet recording head as set forth in claim 1, 
wherein the piezoelectric layer is extended to areas 
corresponding to peripheral walls on both sides in 
the width direction of the pressure generating 
chamber, and 

wherein a portion of the piezoelectric layer on the 
lower electrode is thicker than any other area 
thereof. 

14. The ink jet recording head as set forth in claim 1, 
wherein relationship among width W T e of the upper 
electrode, width W BE of the lower electrode, and 
thickness T of the piezoelectric layer satisfies 

(W BE -5T)< w te<(W be +5T). 



4/29/2005, EAST Version: 2.0.1.4 



35 



EP0963 846A2 



36 



15. The ink jet recording head as set forth in claim 1, 
wherein the end of the lower electrode is disposed 
at one end portion in a longitudinal direction of the 
pressure generating chamber, 

wherein the piezoelectric layer and the upper elec- 
trode are extended to the outside of the end of the 
lower electrode in the longitudinal direction of the 
pressure generating chamber, and 
wherein the end of the lower electrode constitutes 
one end of a active part of the piezoelectric element 
which is a substantial drive part of the piezoelectric 
layer. 

16. The Inkjet recording head as set forth in claim 15, 
wherein the end of the active part of the piezoelec- 
tric element is positioned inside from the peripheral 
wall of the pressure generating chamber. 

17. The ink jet recording head as set forth in claim 1, 
wherein the end of the lower electrode is disposed 
at one end portion in a longitudinal direction of the 
pressure generating chamber, 

wherein an end of the upper electrode is disposed 
inside from the end of the lower electrode in the lon- 
gitudinal direction of the pressure generating cham- 
ber, 

wherein the piezoelectric layer is extended to the 
outside of the end of the lower electrode in the lon- 
gitudinal cfirection of the pressure generating cham- 
ber, and 

wherein the end of the upper electrode constitutes 
one end of a active part of the piezoelectric element 
which is a substantial driving part of the piezoelec- 
tric layer. 

18. The ink jet recording head as set forth in claim 15, 
wherein a discontinuous lower electrode film dis- 
continuous with the lower electrode is provided in 
an area facing the boundary between an end and 
peripheral wall of the pressure generating chamber. 

19. The ink jet recording head as set forth in claim 18, 
wherein a wiring lower electrode, which is made 
discontinuous with the discontinuous lower elec- 
trode and is connected at one end to external wir- 
ing, is provided for each piezoelectric element 

20. The ink jet recording head as set forth in claim 15, 
wherein the lower electrode is extended from the 
other end of the active part of the piezoelectric ele- 
ment to the top of the peripheral wall of the pres- 
sure generating chamber. 

21. The ink jet recording head as set forth in claim 20, 
wherein the lower electrode has a wider part at 
least wider than the pressure generating chamber 
in an area facing the proximity of one end portion of 
the pressure generating chamber, and 



wherein the wider part is extended from the end 
portion in the longitudinal direction of the pressure 
generating chamber to the top of the peripheral wall 
thereof. 

5 

22. The ink jet recording head as set forth in claim 1, 
wherein the piezoelectric layer, and one of the 
upper electrode and a lead electrode connected 
onto the upper electrode are extended from the lon- 

10 gitudinal direction of the area facing the pressure 
generating chamber to the outside thereof. 

23. The ink jet recording head as set forth in claim 22, 
wherein the direction that the lower electrode 

15 extends to the top of the peripheral wall differs from 
the direction that the piezoelectric layer, and one of 
the upper electrode and the lead electrode con- 
nected onto the upper electrode extend to the top of 
the peripheral wall. 

20 

24. The ink jet recording head as set forth in claim 22, 
wherein the direction that the lower electrode 
extends to the top of the peripheral wall is the same 
as the direction that the piezoelectric layer, and one 

25 of the upper electrode and the lead electrode con- 
nected onto the upper electrode extend to the top of 
the peripheral wall. 

25. The ink jet recording head as set forth in claim 23, 
30 wherein either one of the lower electrode or the 

upper electrode is a common electrode. 

26. The ink jet recording head as set forth in claim 24, 
wherein one of the lower electrode and the upper 

3&^:r*electrode is a common electrode. 

27. The ink jet recording head as set forth in claim 1, 
wherein the lower electrode is extended from the 
proximity of at least one end portion in a longitudi- 

40 nal direction of the area facing the pressure gener- 
ating chamber to the outside in the width direction 
thereof to form a common electrode. 

28. The ink jet recording head as set forth in claim 1, 
45 wherein the piezoelectric layer and the upper elec- 
trode are patterned in batch. 

29. The ink jet recording head as set forth in claim 1, 
wherein both ends of the piezoelectric layer in the 

so longitudinal direction thereof are patterned so as to 
be in the areas facing the pressure generating 
chambers, and 

wherein the upper electrode is continuously formed 
so as to cross the pressure generating chambers in 
55 the width direction to form a common electrode. 

30. The ink jet recording head as set forth in claim 1, 
wherein a remaining part made of the same layer 



20 

24. 
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as the lower electrode is provided on tops of parti- 
tions on both sides in the width direction of the pres- 
sure generating chamber. 

31 . The ink jet recording head as set forth in claim 30, 
wherein a discontinuous lower electrode discontin- 
uous with the lower electrode is provided on the 
outside of one end portion of the active part of the 
piezoelectric element, and 

wherein the remaining part is continuously 
extended from the discontinuous lower electrode. 

32. The inkjet recording head as set forth in claim 30, 
wherein the remaining part is provided continuously 
with the lower electrode forming a part of the piezo- 
electric element. 

33. The inkjet recording head as set forth in claim 30, 
wherein spacing between an end face in the width 
direction of the tower electrode and an end face in 
a width direction of the remaining part is wider than 
the thickness of the piezoelectric layer and is nar- 
rower than the width of the tower electrode. 

34. The ink jet recording head as set forth in daim 30, 
wherein an end in a longitudinal direction of the pie- 
zoelectric layer is disposed in the proximity of the 
end portion of the pressure generating chamber 
where the lower electrode is extended to the top of 
the peripheral wall, and 

wherein the distance from that end to a part where 
the lower electrode extended to the outside 
becomes wider is wider than the thickness of the 
piezoelectric layer and is narrower than the width of 
the lower electrode. 

35. The inkjet recording head as set forth in claim 30, 
wherein the remaining part has a width which is not 
less than 50% of the width of the partition between 
the adjacent pressure generating chambers. 

36. The ink jet recording head as set forth in daim 30. 
wherein the lower electrode and the remaining part 
are formed in an area of a width of not less than 
50% of the area corresponding to the pressure gen- 
erating chambers and the partitions. 

37. The inkjet recording head as set forth in daim 30, 
wherein the lower electrode and the remaining part 
are formed in an area of not less than 50% of all 
area of a flow passage formation substrate. 

38. The ink jet recording head as set forth in daim 1, 
wherein the crystalline structure of the piezoelectric 
layer on the lower electrode is substantially the 
same as that on the insulating layer. 

39. The inkjet recording head as set forth in daim 38, 



38 

wherein crystal seed as a nudeus of crystal of the 
piezoelectric layer is formed on a surface of the 
insulating layer. 

5 4a The ink jet recording head as set forth in daim 39, 
wherein the crystal seed is formed like islands. 

41. The ink jet recording head as set forth in daim 18, 
wherein a second insulating layer is provided on the 

10 outside of the end of the lower electrode. 

42. The ink jet recording head as set forth in daim 41 , 
wherein the second insulating layer has substan- 
tially the same film thickness as the tower electrode. 

15 

43. The ink jet recording head as set forth in daim 41 , 
wherein the second insulating layer is made of an 
insulating material Afferent from that of the insulat- 
ing layer. 

20 

44. The ink jet recording head as set forth in daim 18, 
wherein a thick film part is provided on the insulat- 
ing layer on the outside of the end of the lower elec- 
trode. 

25 

45. The ink jet recording head as set forth in daim 44, 
wherein the thick film part has substantially the 
same film thickness as the lower electrode. 

30 46. The ink jet recording head as set forth in daim 1 8, 
wherein a film tapering part where film thickness of 
the lower electrode is gradually decreased toward 
the outside of the active part of the piezoelectric 
element is provided at the end of the lower elec- 

35 trod 6. <• 

47. The ink jet recording head as set forth in daim 46, 
wherein the film tapering part forms a slope where 
the film thickness of the lower electrode is gradually 
40 decreased. 

4a The ink jet recording head as set forth in daim 46. 
wherein the film tapering part is a part where the 
film thickness of the lower electrode is gradually 
45 decreased stepwise. 

49. The ink jet recording head as set forth in daim 46. 
wherein the film tapering part forms a slanting 
curved surface where the film thickness of the lower 

so electrode is gradually decreased continuously. 

50. The ink jet recording head as set forth in daim 46, 
wherein the piezoelectric layer formed on the film 
tapering part is thicker than any other portion. 



55 

51. The ink jet recording head as set forth in daim 18, 
wherein the other end of the active part of the pie- 
zoelectric element has a similar structure to that of 



20 
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the one end thereof. 

52. The ink jet recording head as set forth in claim 18, 
wherein the other end of the active part of the pie- 
zoelectric element is formed by the ends of the pie- s 
zoelectric layer and the upper electrode and is 
covered with a discontinuous piezoelectric layer 
discontinuous with the piezoelectric layer. 

53. The ink jet recording head as set forth in claim 18, 10 
wherein the other end of the active part of the pie- 
zoelectric element is formed by the ends of the pie- 
zoelectric layer and the upper electrode and is fixed 
with an adhesive. 

75 

54. The ink jet recording head as set forth in claim 1, 
wherein the pressure generating chambers are 
formed by anisotropic etching and the lower elec- 
trode, piezoelectric, and upper electrode layers are 
formed by film formation and lithography method. 20 

55. An ink jet recording apparatus comprising an ink jet 
recording head as set forth in any of claims 1 to 54. 

25 
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